Previous studies demonstrated that inflammatory microenvironment promoted prostate cancer progression. This study investigated whether total glucosides of paeony (TGP), the active constituents extracted from the root of Paeonia Lactiflora Pall, suppressed lipopolysaccharide (LPS)-stimulated proliferation, migration and invasion in androgen insensitive prostate cancer cells. PC-3 cells were incubated with LPS (2.0 μg/mL) in the absence or presence of TGP (312.5 μg /mL). As expected, cells at S phase and nuclear CyclinD1, the markers of cell proliferation, were increased in LPS-stimulated PC-3 cells. Migration activity, as determined by wound-healing assay and transwell migration assay, and invasion activity, as determined by transwell invasion assay, were elevated in LPS-stimulated PC-3 cells. Interestingly, TGP suppressed LPS-stimulated PC-3 cells proliferation. Moreover, TGP inhibited LPS-stimulated migration and invasion of PC-3 cells. Additional experiment showed that TGP inhibited activation of nuclear factor kappa B (NF-κB) and mitogen-activated protein kinase (MAPK)/p38 in LPS-stimulated PC-3 cells. Correspondingly, TGP attenuated upregulation of interleukin (IL)-6 and IL-8 in LPS-stimulated PC-3 cells. In addition, TGP inhibited nuclear translocation of signal transducer and activator of transcription 3 (STAT3) in LPS-stimulated PC-3 cells. These results suggest that TGP inhibits inflammation-associated STAT3 activation and proliferation, migration and invasion in androgen insensitive prostate cancer cells.
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Introduction
In Western countries, prostate cancer is one of the most common malignant tumors in men [1] . The prevalence of prostate cancer differs from one country to another due to coverage of prostate-specific antigen screening [2] . In China, the rate of prostate cancer is rapidly increasing and especially in patients with obesity or diabetes [3, 4] . As androgen receptor plays an important role in the pathogenesis of prostate cancer, androgen-deprivation therapy remains the principal method for treatment of patients with prostate cancer [5] . Unfortunately, the majority of patients with advanced-stage prostate cancer will ultimately progress from castration-sensitive to castration-resistant prostate cancer [6] . Recently, several studies demonstrate that inflammatory microenvironment promotes prostate cancer development and progression [7] [8] [9] . Nuclear factor kappa B (NF-κB) and nuclear translocation of signal transducer and activator of transcription (STAT)3 play important roles in the pathogenesis of inflammation-associated progression of prostate cancer.
The total glucosides of paeony (TGP), the active constituents extracted from the root of Paeonia Lactiflora Pall, have been used as a traditional Chinese medicine for the treatment of rheumatoid arthritis [10, 11] . Recently, several studies found that TGP could effectively alleviate the progression of diabetic nephropathy [12, 13] . Accumulating evidence demonstrates that TGP has potential anti-inflammatory activities [14, 15] . An early study showed that TGP suppressed inflammatory cytokines and mediators in macrophage-like synoviocytes from rats with adjuvant arthritis [16] . Nevertheless, whether TGP curbs inflammation-associated prostate cancer progression remains to be determined.
The primary objective of the present study was to evaluate whether TGP suppresses LPSevoked proliferation, migration and invasion in PC-3 cell, an androgen insensitive prostate cancer cell line. Moreover, we were to investigate whether TGP inhibits LPS-induced activation of NF-κB signaling. Finally, we were to investigate the inhibitive effects of TGP on LPSinduced IL-6 and IL-8 and subsequent activation of STAT3 signaling in PC-3 cells.
Materials and methods

Drugs and reagents
Total glucosides of paeony (TGP) was from Institute of Clinical Pharmacology, Anhui Medical University (Anhui, China) [10] . Lipopolysaccharide (Escherichia coli LPS, serotype 0127:B8) was purchased from Sigma Chemical Co. (St. Louis, MO). Antibodies against CyclinD1, phosphor-p38 (p-p38), p38, NF-κB p50 and pSTAT3 were from Cell Signaling Technology (Beverley, MA). Antibodies against STAT3, p-IκB, I-κB, NF-κB p65, and Lamin A/C were from Santa Cruz Biotechnologies (Santa Cruz, CA). TRI reagent was from Molecular Research Center, Inc (Cincinnati, Ohio). RNase-free DNase was from Promega Corporation (Madison, WI). Chemiluminescence detection kit was from Pierce Biotechnology (Rockford, IL). All other reagents were purchased from Sigma Chemical Co. (St. Louis, MO) if not otherwise stated.
Cell culture and treatments
The androgen insenstitive prostate cancer cell line PC-3 cell was obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cells were grown in T25 cell culture flasks (Corning)in F-12 HAM'S Medium (HyClone) supplemented with 100 U/mL of penicillin, 100 μg/mL streptomycin and 10% FBS (Gibco) at 5% CO 2 , 37˚C. The cells were incubated for at least 24 hr to allow them to adhere to the plates. About 80% confluent, the medium was replaced with serum-free medium. After a 4 hr incubation, the cells were incubated with LPS (2.0 μg/mL) for different times in the absence or presence of TGP (312.5 μg/mL). The cells were washed with chilled PBS for three times and then harvested for real-time RT-PCR and immunoblots.
Cell cycle analysis
The effect of TGP on cell cycle was performed as described previously by MUSE 1 Cell Analyzer (Merck Millipore, Germany) [17] . Briefly, 3.0 × 10 5 cells were cultured in 6-well plates until 80% confluent. The medium was replaced with serum-free medium (containing corresponding drugs). After 6 hr incubation, cells were harvested and counted. Around 1 × 10 6 cells were transferred to a 2 mL tube. The cells were centrifuged at 300 × g for 5 min and washed twice with PBS. 
Cell viability and apoptosis analysis
The effects of TGP on cell viability and apoptosis were evaluated as described previously by MUSE 1 Cell Analyzer [18] . Briefly, 3.0 × 10 5 cells were cultured in a 6-well plates until 80%
confluent. The medium was replaced with serum-free medium (containing the corresponding drugs). After 6 hr incubation, cells were harvested and counted. For cell viability, 20 μL 
Wound healing migration assay
Wound healing assay was performed as described previously with minor modifications [19] . Briefly, cells (5.0 × 10 5 cells per well) were cultured in a 6-well plates until 80% confluent. The medium was replaced with serum-free medium (containing corresponding drugs). After 12 hr incubation, the medium was collected. The confluent monolayer cells were carefully scratched using a 200 μL tip and washed twice with PBS. Previous mediums were added to corresponding wells. The cells were photographed at low magnification for time intervals of 0, 12 and 24 hr. The wounded area was calculated according to the formula: (mean wounded breadthmean remained breadth)/mean wounded breadth × 100 (%). The experiment was carried out three times independently.
Cell migration and invasion assays
Migration and invasion activities of PC-3 cells were evaluated using 8-μm Transwell filters (Costar Corning, Schiphol-Rijk, Netherlands) with minor modifications as described previously [20] . For migration assay, 4 × 10 4 cells in 0.2 mL complete medium were seeded in upper compartment. The plates were incubated for 24 hr at 37˚C, 5% CO 2 . After 24 hr incubation, the complete medium in upper chamber was replaced with serum-free medium (supplement with 0.5% BSA and drugs). The lower compartment was filled with 0.6 mL basal medium containing 10% FBS as chemoattractant and then incubated for 24 hr. For invasion assay, 4 × 10 4 cells in 0.2 mL complete medium were seeded in upper compartment precoated with 50 μL
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Matrigel solution (100 μg/mL, BD Biosciences, San Jose, CA). After 24 hr incubation, the complete medium in upper chamber was replaced with serum-free medium (supplement with 0.5% BSA and drugs). The lower compartment was filled with 0.6 mL basal medium containing 10% FBS as chemoattractant and then incubated for 48 hr. The non-migratory cells on upper side of chamber and medium of lower chamber were removed. The membranes were fixed with methanol for 20 min and stained with 0.1% crystal violet solution for 20 min. The numbers of cells that had migrated to the bottom of the filter were evaluated by detecting the absorbance of decolorization solution of 30% acetic acid at 570 nm. These experiments were performed three times independently.
Isolation of total RNA and real-time RT-PCR
Total RNA was extracted from PC-3 cells using TRI reagent according to the manufacturer's instructions. Real-time RT-PCR was performed as described in detail previously [21] . Briefly, total RNA (1.0 μg) was reverse-transcribed with AMV (Promega). Real-time RT-PCR was performed with a LightCycler1 480 SYBR Green I kit (Roche Diagnostics GmbH, Mannheim, Germany) using gene-specific primers as listed in Table 1 . The amplification reactions were carried out on a LightCycler1 480 Instrument (Roche Diagnostics GmbH) with an initial hold step (95˚C for 5 minutes) and 50 cycles of a three-step PCR (95˚C for 15 seconds, 60˚C for 15 seconds, 72˚C for 30 seconds). The comparative CT-method was used to determine the amount of target, normalized to an endogenous reference (18S) and relative to a calibrator using the LightCycler 480 software (Roche, version 1.5.0).
Enzyme-linked immunosorbent assay
Commercial ELISA kits (4A Biotech Co. Ltd. Beijing, China) were used to determine IL-6 and IL-8 levels according to manufacturer's protocol.
Cytoplasmic protein and nuclear protein extraction
Cytoplasmic protein and nuclear protein were extracted from cells using a method by Arash Nabbi and Karl Riabowol [22, 23] . Briefly, PC-3 cells grown in 10-cm dishes were washed in ice-cold PBS (137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 1.8 mM KH 2 PO 4 , pH 7.4), scraped from culture dishes on ice using a plastic cell scraper and transferred the cells to a 1.5 mL micro-centrifuge tubes. Supernatants were removed after centrifugation ("pop-spin" for 10 sec at 10,000 × rpm) and cell pellets resuspended in 400 μL of ice-cold PBS containing 0.1% NP-40 supplemented with a cocktail of protease inhibitors (Roche). Triturated 10 times using a p1000 micropipette tip and centrifuged for 20 sec at 10,000 × rpm. The supernatants were removed as the "cytoplasmic protein". The remaining pellet was washed in 1 mL of PBS containing 0.1% NP40 and centrifuged as above for 20 sec and the supernatant was discarded.
Resuspend the nuclear pellet in 150 μL lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 1% sodium deoxycholate, 0.1% sodium dodecylsylphate, 1 mM phenylmethylsulfonyl fluoride) in the presence of protease inhibitor cocktail, incubated on ice for 30 min, and centrifuged for 10 min at 14,000 × g. The supernatants were removed as the "nuclear protein". Protein concentrations were determined with BCA protein assay (Pierce, Rockford, IL, USA) according to instruction.
Western blotting
Western blotting was analyzed as described in detail previously [21] . Briefly, same amount of protein (10~20 μg) was separated electrophoretically by SDS-PAGE and transferred to a PVDF membrane. The membranes were incubated for 2 hr with following antibodies: CyclinD1 , and NF-κB p65 (1:1000). For nuclear protein, Lamin A/C (1:2000) was used as a loading control. After washed in DPBS containing 0.05% Tween-20 four times for 10 min each, the membranes were incubated with goat anti-rabbit IgG or goat anti-mouse antibody for 2 hr. The membranes were then washed for four times in DPBS containing 0.05% Tween-20 for 10 min each, followed by signal development using an ECL detection kit.
Statistical analysis
All data were expressed as means ± SEM. SPSS 13.0 statistical software was used for statistical analysis. All statistical tests were two-sided using an alpha level of 0.05. ANOVA and the Student-Newmann-Keuls post hoc test were used to determine differences among different groups.
Results
TGP inhibits proliferation of LPS-stimulated PC-3 cells
The effects of TGP on LPS-stimulated proliferation of PC-3 cells were analyzed. As expected, the percentage of cells at G0/G1 phase was significantly reduced in LPS-stimulated cells. In contrast, the percentage of cells at S phase was elevated in LPS-stimulated cells (Fig 1A and  1B) . As shown in Fig 1C, nuclear CyclinD1 level was elevated in LPS-stimulated cells. Moreover, nuclear PCNA and pRb levels were elevated as early as 3 hr after LPS treatment (Fig 1D  and 1F) . Interestingly, the percentage of cells at S phase was reduced when LPS-stimulated PC-3 cells were incubated with TGP (Fig 1A and 1B) . In addition, LPS-induced nuclear translocation of CyclinD1, pRb and PCNA was suppressed by TGP (Fig 1C and 1F) .
TGP does not affect PC-3 cell apoptosis
The effects of TGP on apoptosis of PC-3 cells were analyzed. As shown in Fig 2, LPS had little effect on PC-3 cell apoptosis. In addition, TGP does not affect apoptosis and viability of LPSstimulated PC-3 cells (Fig 2) .
TGP inhibits migration of LPS-stimulated PC-3 cells
The effects of TGP on LPS-stimulated migration of PC-3 cells were analyzed. Wound-healing assay showed that the percentage of wound closing was significantly increased in LPS-stimulated PC-3 cells (3A and 3B). Correspondingly, cell migration, as determined by the transwell migration assay, was elevated in LPS-stimulated PC-3 cells (Fig 3C and 3D) . Interestingly, TGP alone inhibited migration of PC-3 cells (Fig 3A-3D) . Moreover, TGP also blocked migration of LPS-stimulated PC-3 cells (Fig 3A-3D ).
TGP inhibits invasion of LPS-stimulated PC-3 cells
The effects of TGP on invasion of LPS-stimulated PC-3 cells were analyzed. As expected, cell invasion, as determined by transwell invasion assay, was significantly increased in LPS-stimulated PC-3 cells (Fig 4A and 4B) . Moreover, mRNA levels of MMP-3 and MMP-9 were elevated in LPS-stimulated PC-3 cells (Fig 4C and 4D ). In addition, u-PA mRNA was upregulated in LPS-stimulated PC-3 cells (Fig 4E) . Interestingly, TGP alone obviously repressed cell invasion of PC-3 cells. Moreover, TGP also inhibited invasion in LPS-stimulated PC-3 cells (Fig 4A and 4B ). In addition, TGP inhibited LPS-induced up-regulation of MMP-3, MMP-9 and u-PA in PC-3 cells (Fig 4C-4E) . Total glucosides of paeony and proliferation, migration and invasion
TGP inhibits LPS-induced up-regulation of IL-6 and IL-8 in PC-3 cells
The effects of TGP on LPS-induced IL-6 and IL-8 were analyzed. As expected, IL-6 mRNA was up-regulated by about 60 folds in LPS-stimulated PC-3 cells (Fig 5A) . In addition, IL-8 mRNA was up-regulated by 200 folds in LPS-stimulated PC-3 cells (Fig 5C) . Correspondingly, the levels of IL-6 and IL-8 in culture medium were significantly elevated in LPS-stimulated PC-3 cells (Fig 5B and 5D ). Although TGP alone had no effect on IL-6 and IL-8, it significantly attenuated LPS-induced up-regulation of IL-6 and IL-8 in PC-3 cells (Fig 5A-5D ).
TGP inhibits LPS-induced activation of NF-κB and p38/MAPK in PC-3 cells
The effects of TGP on LPS-induced activation of NF-κB and p38/MAPK were analyzed. As expected, the levels of cytoplasmic p-p38 and pI-κB in PC-3 cells were obviously elevated at 3 hr after LPS treatment and remained increased at 6 hr after LPS treatment (Fig 6A-6C ). In addition, the levels of nuclear NF-κB p50 and p65 subunits were elevated in LPS-stimulated PC-3 cells (Fig 6D-6F) . Interestingly, TGP significantly inhibited LPS-induced p38/MAPK and I-κB phosphorylation in PC-3 cells (Fig 6A-6C ). In addition, TGP blocked nuclear translocation of NF-κB p65 and p50 subunits in LPS-stimulated PC-3 cells (Fig 6D-6F) . Total glucosides of paeony and proliferation, migration and invasion
TGP inhibits nuclear translocation of STAT3 in LPS-stimulated PC-3 cells
The effects of TGP on nuclear translocation of STAT3 in LPS-stimulated PC-3 cells were analyzed. As expected, the level of nuclear pSTAT3 was significantly elevated 3 hr after LPS treatment and remained increased 6 hr after LPS treatment (Fig 6G and 6H) . Interestingly, TGP alone significantly inhibited nuclear translocation of pSTAT3 in PC-3 cells (Fig 6G and 6H) . Moreover, TGP inhibited LPS-induced nuclear translocation of pSTAT3 in PC-3 cells (Fig 6G  and 6H ).
Discussion
Previous studies found that TGP, the active constituents extracted from a traditional Chinese herb, had an anti-inflammatory activity [14, 15] . The present study investigated whether TGP inhibits inflammation-induced proliferation, migration and invasion in PC-3 cells. As Total glucosides of paeony and proliferation, migration and invasion expected, the percentage of cells at S phase was elevated in LPS-stimulated PC-3 cells. Correspondingly, the levels of nuclear CyclinD1 and PCNA, two markers of cell proliferation, were increased in LPS-stimulated PC-3 cells. The migration and invasion activity were elevated in LPS-stimulated PC-3 cells. Interestingly, LPS-stimulated PC cell proliferation was suppressed by TGP. In addition, LPS-stimulated migration and invasion of PC-3 cells were blocked when PC-3 cells were simultaneously incubated with TGP. These results suggest that TGP inhibits not only LPS-stimulated proliferation but also migration and invasion of PC-3 cells. Total glucosides of paeony and proliferation, migration and invasion IL-6 has been associated with prostate cancer progression [24] [25] [26] . Indeed, serum IL-6 levels in patients with metastatic prostate cancer were higher than those in patients with localized prostate cancer [27] . In addition, circulating IL-6 level was associated with progression and death in patients with prostate cancer [28] . Several reports from in vitro studies showed that IL-6 up-regulated prostate-specific antigen mRNA and promoted androgen-independent growth in human prostate cancer cells [29, 30] . Anti-IL-6 monoclonal antibody suppressed the progression from androgen-dependent prostate cancer to an androgen-independent prostate cancer in orchiectomized mice [31] . In the present study, we analyzed IL-6 expression in LPSstimulated PC-3 cells. Surprisingly, IL-6 mRNA in PC-3 cells was up-regulated by about 60 folds 6 hr after LPS incubation. Correspondingly, IL-6 level was increased by more than 100 folds in culture medium from LPS-stimulated PC-3 cells. Of interest, LPS-induced up-regulation of IL-6 was attenuated when PC-3 cells were simultaneously incubated with TGP. These results suggest that TGP inhibits LPS-stimulated proliferation, migration and invasion, at least partially, through suppressing IL-6 produced by PC-3 cells.
Several studies showed that IL-8 was highly expressed in prostate cancer [32] . In addition, the levels of IL-8 expression in prostate cancer were higher in the recurred patients than those Total glucosides of paeony and proliferation, migration and invasion in the non-recurred patients [33] . Indeed, in patients with metastatic prostate cancer starting androgen-deprivation therapy, a higher level of serum IL-8 was associated with a poorer overall survival [34] . Several early studies showed that IL-8 promoted growth and metastasis of androgen-independent prostate cancer [35, 36] . According to a recent report, autocrine IL-8 sustained growth and survival of PTEN-deficient prostate cells [37] . Moreover, tumor-derived IL-8 amplified stroma-derived CCL2-stimulated proliferation and promoted CXCL12-mediated invasion of PTEN-deficient prostate cancer cells [38] . In the present study, our results showed that IL-8 mRNA was up-regulated by more than 200 folds at 6 hr after LPS incubation. Of interest, LPS-induced up-regulation of IL-8 mRNA in PC-3 cells was suppressed by TGP. Moreover, LPS-stimulated release of IL-8 was significantly attenuated in culture medium when PC-3 cells were incubated with TGP. The present study suggests that TGP inhibits LPSinduced prostate cancer progression partially through inhibiting autocrine IL-8.
Accumulating evidence has demonstrated that NF-κB signaling provides a mechanistic link between inflammation and cancer [39] . Indeed, NF-κB signaling was activated in castration- Total glucosides of paeony and proliferation, migration and invasion resistant prostate cancer patients [40] . An early study found that NF-κB activation promoted progression of prostate cancer to androgen-independent growth [41] . Several recent studies demonstrated that NF-κB activation contributed to the metastasis of prostate cancer [42, 43] . By contrast, blockade of NF-κB signaling in human prostate cancer cells was associated with suppression of angiogenesis, invasion, and metastasis [44] . The present study investigated the effects of TGP on LPS-stimulated NF-κB activation in PC-3 cells. Consistent with its inhibition of inflammatory cytokines, TGP suppressed LPS-induced I-κB phosphorylation in PC-3 cells. In addition, TGP blocked nuclear translocation of NF-κB p65 and p50 subunits in LPS-stimulated PC-3 cells. These results suggest that TGP inhibits inflammation-associated progression of prostate cancer through suppressing NF-κB signaling.
In addition to the classical IL-6/STAT3 pathway, IL-8 also activates JAK2-dependent STAT3 signaling [45, 46] . Considerable evidence suggests that activated STAT3 pathway is implicated in the progression of prostate cancer [47] . Indeed, persistent STAT3 activation changed cellular phenotype of benign prostate cells to a malignant one in prostate cancer [48] . In addition, IL-6-driven metastasis of prostate cancer was predominantly mediated by STAT3 signaling [49] . Several early reports demonstrated that down-regulation of STAT3 suppressed the growth of prostate cancer cells [50] [51] [52] . Recently, several reports found that the STAT3 inhibitors could effectively reduce tumor growth and metastasis in mouse models of prostate cancer [53, 54] . The present study investigated the effects of TGP on LPS-activated STAT3 signaling in PC-3 cells. Surprisingly, TGP alone suppressed activation of STAT3 signaling in PC-3 cells. Moreover, TGP completely blocked LPS-evoked nuclear translocation of STAT3 in PC-3 cells. These results suggest that TGP inhibits LPS-induced progression of prostate cancer partially through suppressing STAT3 pathway.
Several studies demonstrate that inflammation plays an important role in the progression of androgen insensitive prostate cancer cells. The primary objective of the present study was to investigate whether TGP has inhibitory effects on inflammation-evoked proliferation, migration and invasion in PC-3 cells. Although the antagonistic effects of TGP on inflammationevoked proliferation, migration and invasion in PC-3 cells were discussed for the first time, there are several limitations in the present study. First, the concentration of TGP used referred to other [11] in the present study. In that study, the anti-inflammatory activity of TGP was concentration-dependent and was the strongest at a concentration of 312.5 μg/ml. The present study did not explore the concentration-effect relationship of TGP on inflammation-evoked proliferation, migration and invasion in PC-3 cells. Second, the present study did not explore the effects of TGP on inflammation-evoked proliferation, migration and invasion of other prostate cancer cell lines. Third, the present study did not investigate the effects of TGP on proliferation and metastasis of prostate cancer cells in vivo. TGP is a mixture consisting of paeoniflorin, hydroxypaeoniflorin, paeonin, benzoylpaeoniflorin, albiflorin, etc. Complex component and low solubility in water are not conducive to elucidating their exact molecular mechanisms in vivo experiments. Paeoniflorin was one of main effective component of TGP. Thus, the effects of phenformin on inflammation-induced androgen-insensitive prostate cancer progression in vitro and in vivo will be carried out in other studies. In addition, the clinical relevance of these findings needs to be determined in the future research.
In summary, the present study investigated the effects of TGP on LPS-induced proliferation, migration and invasion in prostate cancer cells. Our results showed that TGP inhibited LPS-induced activation of NF-κB in PC-3 cells. Moreover, TGP inhibited LPS-induced IL-6 and IL-8 and subsequent activation of STAT3 signaling in PC-3 cells. Importantly, TGP inhibited LPS-evoked proliferation, migration and invasion in LPS-stimulated PC-3 cells.
